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Background:  Right ventricular (RV) dysfunction has prognostic role in heart failure (HF) and its combination with pulmonary artery systolic 
pressure (PASP) is useful for risk stratification. Exercise response of tricuspid annular systolic excursion (TAPSE), as RV function indicator, 
and PASP may provide further clinical stratification in HF. We aimed to assess RV-pulmonary circulation functional response to exercise in 
HF exploring the association with functional capacity.
methods:  97 HFrEF patients (age 64±11 y, male 70%, ischemic etiology 60%, LVEF 37±11%) underwent a maximal CPET (incremental 
ramp protocol) combined with exercise-echo.
results:  The population was divided into 3 groups: Group A with preserved rest RV function (TAPSE>16 mm), B impaired rest RV function 
and preserved contractile reserve (peak TAPSE >15.5 mm), C impaired contractile reserve. Group B had lower exercise capacity (peak 
VO2, O2 pulse and workload), impaired ventilatory efficiency (steeper VE/VCO2) and more severe mitral regurgitation. Group B showed 
also an unfavorable TAPSE/PASP relationship (impaired RV contractility) and RV-pulmonary circulation coupling (PASP/CO).
conclusion:  In HF patients an impaired functional reserve and RV-pulmonary circulation coupling during exercise is related to worse 
functional phenotype. Combined approach using CPET and exercise echocardiography can be useful to stratify HF patients despite RV 
function at rest.
B (n=19) C (n=18) A (n=60) P
Rest LV end diastolic volume indexed, ml/m2 95±28 113±47 90±23 0.21
Rest LV mass indexed, g/m2 121±22§ 154±37 126±30 0.0017
Rest LVEF, % 34±9 32±11 33±8 0.88
Peak LVEF, % 37±14 35±10 37±10 0.66
Rest Severe MR,% 21 56 13 0.001
Peak severe MR, % 33 70 32 0.013
Rest E/e’ 25±16§ 38±13 22±11 0.0001 
Rest CO, L/min 3.3±0.8 2.9±1.0 4.0±1.2& 0.0004
Peak CO, L/min 6.5±1.8§ 4.4±1.9 7.2±2.6 0.0002
Rest TAPSE, mm 14±2 13±3 21±3& <0.0001
Peak TAPSE, mm 18±2 13±2 23±4 <0.0001 
Rest systolic PAP, mmHg 36±16 48±21 34±13 0.027 
Peak systolic PAP, mmHg 59±22 65±19 57±16 0.33
Rest TAPSE/PASP, mm/mmHg 0.44±0.17 0.31±0.13 0.67±0.22& 0.0001 
Peak TAPSE/PASP, mm/mmHg 0.34±0.11 0.21±0.08 0.42±0.14 0.0001
Rest PASP/CO, mmHg*l/min 11.6±6 17.6±9 9.4±5 0.0004 (KW)
Peak PASP/CO, mmHg*l/min 10±5 17.3±10 9.6±6 0.0027 (KW)
Workload, Watt 68±21§ 46±18 69±26 0.0029
Peak VO2, ml O2*Kg
-1*min-1 14.1±4.2§ 10.2±2.3 13.5±3.5 0.008 
% predicted peak VO2 55±14§ 43±13 55±14 0.0082
O2 pulse, ml/beat 10.0±2.7§ 7.4±2.0 9.3±2.8 0.0068 
VE/VCO2, slope 35±10§ 42±12 31±7 0.0001
Circulatory power, Hg•mLO2•kg−1•min−1 1734±508 1182±366 2144±627 0.0001 (KW)
Ventilatory power, mmHg 4.7±1.6§ 3.5±1.2 5.3±1.3 <0.0001
§ p<0.025 B vs C & p<0.025 A vs B
